So, do bacteria have sex? I think not.
The word 'sex' can mean a lot of different things, but the biggest scientifi c question is whether bacteria have any processes that evolved to randomize chromosomal alleles between different members of the population (or species). That's what researchers think eukaryotic (meiotic) sex evolved to do, but evolutionary biologists haven't yet found out why this would be such a good thing. It's also what many microbiologists assume that the 'parasexual' processes of conjugation, transduction and especially transformation evolved to do, because these processes do move alleles between individuals. But close examination of the genes and events responsible for conjugation and transduction shows that these processes exist for reasons other than sex; they evolved as mechanisms of infectious transfer (of plasmids and phages, respectively), and they don't bear any evidence of selection for the ability to cause homologous recombination.
My research focuses on the remaining parasexual process, natural competence (DNA uptake) and the genetic transformation it causes, and I've concluded that bacteria take up DNA to get food rather than new genes. That is, I think that the recombination is an unselected side effect, just as it is in conjugation and transduction. DNA isn't usually viewed from a nutritional perspective, but the nucleotides it contains are very expensive to synthesize from scratch, and it's a rich dietary source of carbon, nitrogen and phosphorus. These nutritional benefi ts are much more reliable than the slim possibility of improving the genotype by taking up random DNA fragments from the environment. Furthermore, the regulation of competence is consistent with a nutritional function -cells typically take up DNA when nutrients become scarce. However, I'm a voice crying in the wilderness about this; very few other microbiologists take this explanation seriously, perhaps because it lacks the glamour and charisma of sex. Rather, I wanted to show the process of science -how research really happens. The fumbles, the bottlenecks (curse you, FedEx Dangerous Goods shipping!), the cool idea that doesn't pan out, the cool idea that does. I didn't expect to have many regular readers, and, except for the recent arsenic-DNA splash, I don't. But along the way I discovered that writing blog posts is a wonderful way to clarify my own thinking. A key factor is probably the tone I aim for (trying to be clear for an audience that knows less than I do). So now, whenever I don't understand something, I write a blog post about it.
What does this
That was why I wrote my initial critique of the Science paper claiming that bacteria could substitute arsenic for phosphorus in their DNA (Wolfe-Simon et al. Science Express 2 nd December, DOI:10.1126/science.1197258). I'd noticed other science blogs buzzing about NASA's media hype, but when I read the paper I was appalled at the fl aws in its methodology. The writing was well done but mainly used to gloss over the experimental problems, and the exciting but very improbable conclusion was entirely unjustifi ed. The data were much better explained by contamination of the research materials (the media by phosphate, the gels by arsenate). I'd never heard of any of the authors, and the critique I wrote on my blog included a few speculations about their motives. In this context, I don't think these were inappropriate, although I didn't anticipate that they would be seen by 100,000 blog visitors and widely quoted online and in newspapers. Fortunately many other researchers agreed with me, and I followed up with a strictly scientifi c and (I think) even more devastating critique of the fi rst author's responses to some of the criticisms, as well as a formal Letter to Science.
Why were scientists so upset about this paper? Because NASA built a media storm around such extraordinarily bad science. I don't think I've ever seen a paper with so many fl aws in its methodology and interpretation, and the publicity it received (and its publication in Science) was a slap in the face to other scientists. And even though exposing the paper's fl aws is what good science is all about, the need to do so has probably lowered the public's confi dence in science; both creationists and global-warming denialists are citing this debacle as evidence that scientists can't be trusted.
Did this debacle do any good?
Certainly, scientifi cally it did good, as most scientists, and also some of the public, now realize that the paper's results should not be trusted. The media coverage was very good, emphasizing that disputes like this are an essential component of how science works. The affair also focused both public and scientifi c attention on how the internet is changing the ways that scientists communicate, and how this in turn might affect science. Any other advice for young scientists? True love will break your heart but good science will see you through.
